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1 X T R ( H>l T (TToX . 


fhc dning oi the soil by exposure to intense sunlight f<*r some 
time has been made use of in certain arid regions of India to increase 

ii 

its productiveness Since the drying of the soil in an arid region has 
a stimulating effect on crop growth, it is to he expected that the lower- 
ing of the moisture content in soils of the more humid regions, durin 



seasonable changes, will influence their productiveness. The drying of 
the soil is a process that depends entirely on the climatic conditions, the 
degree and duration depending on the amount and distribution of 


the rainfall in the region concerned. In a study of the increased pro- 
ductiveness due to di ving it will he necessary to consider the changes 
in the physical, chemical, and biological conditions of the soil. 

The change in the physical condition of the soil due to drying mav 
>e Fasi1\ observed in the held. A better tilth is obtained as shown by 
an increased granulation. This increased granulation is to a great ex 
tent (In* to the llocenlation of the colloidal material. 


'll! 


e t. 


hang 

t 1 


es m 


the 


e 


hemieal 


• « 


C( Mnposit i< )ii 


due to dn ing have been 


studied 1>\ main investigators in relation to the amount of plant food 
recoverable when a .sample has been previously dried, under various 
conditions and temperatures. (Teat differences in the amount of plant 
food recovered have been observed when a sample has been previously 
dried, which would show that the dning of the soil in the held may 
great!) inllueiice the chemical composition. In the last decade much 
attention has been given to the biological changes which are taking 

i ; * i v» O 

ace in the soil. In this connection dning has been considered as a 



partial stei ili/ation, as the result 


ha\ 




been similar to those obtained 


trom a partial ster lization with steam or antiseptics. 

Idle great importance of the* biological actors cannot he ignored in 


the study oi the dning of the soil, but at the present status of soil 
investigation t he \ must he studied in connection with the biochemical 


changes produced. 


ft is the purpose oi the investigation to stud) the effect of drying a 


S( ) 



on crop yield and its correlation with certain chemical and phys- 


iological changes taking place in the soil. 


Review of Lijeu vitrf. 


I h 




r.ivgssix e* dning and welting of a soil greatly a fleets its pbvs- 



coudjliuu. I licse processes cause an increased granulation 


re- 


< ucii g the size ol the granules and lorming lines of weakness and 
■racks. In mam wa\s ibis process is observed in the field but little 

ata have been obtained experimentalh showing the effect of succes- 
i\e (Ini ig and wetting upon the physical condition. 
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YVollnv (1897) 


the effect of drying and wetting a soil on 


the volume change. Idle results show that a decrease in volume is 
obtained bv drying and wetting. 

Cameron and Gallagher ( 1908) have shown that by repeated drying 
and wetting of a soil a point is reached where the volume on con- 
traction due to drying is equal to the expansion on wetting. This con- 
dition they call a “natural packing” of the soil. 

Pippin ( 1910 ) measured the effect of a repeated wetting and drying 

This force 


on clav soil by the force necessary to cause penetration, 
is reduced one half by five dryings and to one third by twenty dryings, 


granulation being increased fio percent. 
The effect of (Irvins’ a soil has long b( 


to the soil chem- 


t. Warineton (i88jj recognized the importance of drying a soil 



on the nitrate content. Tie found a reduction of nitrates in an oven- 

% 

dried sample, a greater reduction when slowly oven-dried and an 
increase when air dried. Tie advises drying a sample in a room, at 



do 


F 




for twenty- four hours as he found ver\ little nitritTc 




found 


taking place at this temperature. 

Richter ( rSqfn dried a garden soil in an oven at 100 1 
an increase in the absorptive power for water and an increase in the 

nitrogen and soluble organic matter. 

The investigations ol King ( 1 < >o 5 ) on the amounts of plant food 
recoverable from field soils gives us the most valuable data on this 
object. King compared the amounts of plant food recovered from 

\ He 

silica. 


S 


fresh soil, soil air-dried, and soil dried 111 an oven at no 


t 


and 


found more nitrates, phosphates, sulfates, bicarbonate.' 
but less chlorides, recoverable from an oven-dried than from the fresh 
sample. The increase was greater than by washing the fresh sample 
with five times its weight in water. lie considers that the increase 
mav be partly due to the releasing of the salts locked tip in the organic 


matter. Another cause mav be what he calls the “fixing 


1 * 


power 


of 


soil grains, causing a concentration near the surface ol the soil par- 
ticles which when dried are covered with the residues of evaporation 
and allow a Greater solution than in the fresh soil, lie also considers 


that the granular condition of the soil would allow a large. amount of 
water to be carried within the granules, the subsequent drying bringing 


alts to the 



them 


Leather ( 1912) found an increase in the nitrate s in soils that had 
been dried in the sun at Ptisa, India, the increase being four times 
great as in the fresh sample. 

Kelley and McGeorge (1913) studied the effect of dr\ing on the 

2 Dates in parentheses refer In bibliography at end of paper. 
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mineral constituents 


Haw 


soils. 


( )n the 



dniner the 




soils at iocP C. increased the water-soluble carbonates, phosphates 


5 


manganese, calcium, magnesium, potassium, aluminum, sulphates, 

and silica over the air-dried soil. Thee consider that the causes in- 

* 

voice many factors, both chemical and physical, as flocculation, de- 
hydration oxidation, and the altering of the film pressure. 


investigations have shown that drying a soil has an effect on its 


biological condition. These changes must be studied in relation to 
the chemical changes produced and may be considered biochemical. 
Early bacteriologists considered that the soil was merely sterilized 

- o 

when heated. In recent investigations soils heated to temperatures 


lower than mo C. have been considered as 



sterilized. 


The 


f 


mav therefore be considered as a 


terilization 


Ru 


■isell and Smith ( i<) 0 $ ) find that nitrifying organisms can be 
easily killed by an insufficient amount of moisture or by drying at 


100 


O 


L. 


Kahn (1007) lias made the most extensive investigations on the 
effect of drying soils on their physiological condition, h rom studies 
on carbon dioxid and acid production in sugar solutions and ammonia 
production in peptone solutions he finds a greater bacteriological ac- 
tivity in a soil previously dried at room temperature than in the same 


S< ) 


th 



kept moist. 


( ireater differences were found in a rich garden soil 
soil. 


fhe number of bacteria were decreased, and 
this he considers difficult to explain if the eltect is on the bacterial 
activity. lie believes that the effect can not be physical as an extract 

of the soil or a water suspension shows the same order of differences; 

because when 

suited. 


nor can it be the decomposition of the soil constituents 
ph nsphates and asparagiu were added the same differences 


M ust 


O 


rew better on a soil previously dried. 


Pickering < JonS) found that the 
mination of certain seeds, and that 


heating of soils inhibite 


the 


> O* 



er- 


ition of the soil began at 


temperatures as low as 30 


C. 


X. 


) 


ap]>reciable destruction of the 
detrimental substance occuired when the soil was kept for several 

nmnths in a nioderaleb drv condition. 

* • 

Puriher experiments by Pickering ( ipoK) show an increase in the 
soluble organic material in soils heated to 30 , ho , and 80' t\ and 
then exposed to the air for two months at summer temperatures and 
watered occasionally. At higher temperatures a decrease was obtained. 

Uusse 



and Hutchinson ( iono) (lopH have studied the effect of 
partial sterilization by heating with steam. They find an increased 
availability in plant lood and an increased plant grow’th. This they 
believe is related to a change in the bacterial flora, the larger phago- 
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cytic organisms being killed and the beneficial bacteria being allowed 
to increase. 

Howard ( 1910) recognizes this effect in the soils which are exposed 
to the intense sunlight of India. The fertility is increased, and he 

o 


believes that this may be due to an inhibiting effect of partial steriliza- 


tion on the 


otozoa 


'ted bv I 


Hutchinson on the 


studies of soils heated in the laboratory. 

Russell (1910) recognizes the observation made by Howard and 
believes that the soils exposed to sunlight may be dried and heated 

4 

sufficiently to remove the factor which limits the productiveness of 
the soil. This is shown in further investigations by Russell and 
Hutchinson < 1913). They exposed the soil to a temperature of 
35-38° (A for varying intervals. Upon remoistening the samples, it 

was found that the factor which is detrimental to the fertility is tem- 

Soil exposed to sunlight for 
. The detrimental organisms 


porarily inhibited by ten days’ drying. 


ten davs beha\ 


th 


same mannei 


are killed at 55-ho 0 C. and suffer considerably at lower tempera- 


tures (40 


C). 


Thev conclude that drying a soil has the same effect 


as heating at low temperatures ; that is, it only temporarily eliminates 
the detrimental factor. 


Smith ( j 0 1 1 ) has shown that bacteriotoxins are destro\ 


at 04 

ant 1) 


L 


He hold 
l multipl 


s 


it upon remoistening the soil the more resist 


become' more numerous because 


f 


JL 

1 


he ab 


Sunlight and air-drying the soil destroy the 


sence of bacteriotoxins. 
toxins. 

Ritter (1912) made studies similar to those of Rahn and found 
that bacterial activity increased on clrving a soil. A dried soil gave 
quicker and more intensive action. 


IIea\ 


* * 


soil showed a great 



erence than 
decrease in tl 


“ light 


1 1 


soil. 

Iff 


\ repeated drying and wetting caused 



) 


nchtdes that the physical 


c 


dition of 


a soil goe 


hand in hand with the physiological condition. 


Fischer ( 1913) discusses the work of Ralin and Ritter and com- 
ments oh their conclusions. He believes that more depends on the 


( kxidation must 


chemical composition than on the bacterial activity, 
be the principal factor, as the nitrates are increased on drying, yet the 


nitrifying organisms are killed. lie thinks that colloids and surface 

, o n 

tension must play an important part as a factor in this induced oxida- 
tion. 

Sharp (1913) studied the effect of- drying by investigating soils that 
had been dried and kept in tightly stoppered bottles for thirty years. 
These soils still contained an average of 358,000 organisms per gram. 
Ammonifying organisms were present, but nitrification occurred only 
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feebly in two of tli e nine soils examined. The nitrogen-fixing powe 
was maintained but the Azotobacter forms were absent in all except 


one s< > 



If 


e 


concludes that there is no relation between numbers and 


physiological efficiency . 


Ru 


sc 



and 1 Vtherbridge i J « > r ^ » found that plants grown on soil- 


tieated to 




( show an acceleration in early growth succeeded by 


a steady growth. \n increase in plant food in the soil and an in- 
iaa-e in nitrogen, potassium, and phosphorus was found. 


won and Uizzell ( 


5 


found that the drying of the soil during 

- < i o 


seasonal m >isture changes has both increased and decrease* 



tie 


the kind o i cr in grow n. 


nitrates, depending upon 
] slot an increase in soil moistm e alter a dr\ peril 
increased the nitrates in the soil. 
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ha 


m most cases 


1 \ J ’ I R 1 MINI' 1 . 


t i % 



•; b tri ( i 


or a 


\ i a ' 


1 ^ k n ix< i or 


Dll- UK XT Alois’!' EKE ( o\ IFNI: 


• N 




l 


! \N 1 


S< 'll 


\ VI) Pi. \ N i < ha w 1 



Pool) IN 


Son, n ) 


I'M 






(J 1 t 


oh u't ol the investigation is o stud\ tue mlevt o I dr\ing tw 

. M • < 

chemical and biological co-uliPon and on pkaiit growth 


1 


c\ ion - investigations m the dr\ing 


i ) I 


ih 


e 


soil 


li 


< )W 


that 


c 


hang 






‘'liY 111 


tile soil that greath atlect i - lertilii\ 

i 7 _ — 


I hat the etlec 


t i 


nether physical, chemical, nor hio.ogi *al, mt a ‘o:n dilation ■ 


1 1 the 


t ■ 






. ha 


in the held the* 


uei n generally ; ccc| ited. 

is contnmalb 



n 


'’r 






i < > 


nUTinitt n 


\ . e i ! i i g am 

1 

h'\ mg. 

17 

The 

IcUC'd' Of 

* 

1 ■ iiy mt 

i <; 

m 

i' m e o 

•Ute Ul 

k pe n 1 u; * 

1 

the 

aim 

Mil t 

am •' v ; ri’a 

■ r u < the 

i -i i 

; d 

m dm 

‘cgioii 

• • :e mb 











In a ! rum 


■t ( 11 

t le* 

• « • 

| ie r io 1 < l 

{ r \ a ie • - - 

1 « ; 

f i 

i • i * • i j ■ < 

’ ■ 1 1 K 

• ) A : ' to 

\ 

« 

U ’l 

the 

-i ul 

i i 

1- MAC ' 

i - ’..o' i ; ! \ 

. u )' 

-m V 

1 ^ | 
• 


i ’ l ; u 

# 

ii>i n •; -ii 

1 

( 

1 M 1 

si i- 

-• ) V 

t nii - ;d • 

di • • n» a 

h - 

i 1 ! 



* * oi w K m 

t |l 

* • 

• . 

l i . 







a ! , o n 

1 

« 

• . K 

\ \ 


» 1 . * ^ c ' 


. r 

4 • 


* . 1 • • - 

•At - 

- , !, ■ 1 ri 

J 



. 

i •_ ‘ t 

* ^ * • 1 

• 


* * . 

VpS ■ * \ * d 


1 . 
I 

i; nt 


• 

• * • r 

< 

[ iH 

. i ^ 

1 M 









t 1 









t 

> 











1 



* 




tl fjt | 







1 s , A 





l 

* n i. 




• 

1 ' * • ' 





r <•! 


KLEIN : STUDIES IN THE DRYING OF SOILS. 


55 


decompose. Some of the organic matter had not entirely decomposed 
This caused some difficulty in preparing the soil for the pots, as the 

undecomposed organic matter would tend to mass together. 


Method of Experimentation. 


The two soils were brought in from the held December 9, iqii, thor- 
oughly mixed and put in 3-gallon pots. Fach pot contained 1 1 kila- 
o-ranb of wet soil. A moisture determination was made at this time 
and the pots were brought to complete saturation (40 per cent). All 
pots were removed to the held-house January 11, 1912. (hi February 
28, 1912, the pots were brought in from the held-house. While the 


pots were in the held house the soil was frozen and a number of them 
were broken. The remaining pom were then allowed to dry in the 
greenhouse until the) reached their permanent moisture content, as 
shown in Table 1. 
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Tabic i until December 19, 1912. They were then divided in two 
series. ( hie series was prepared for planting by bringing all pots to 

percent moisture content, while the second series was kept bare 




A 


at the different moisture contents 
series is shown in Table 1. 


Die division of the 



in two 


(hi January 14, 1014, all pots of series 1 were planted to Galgalos 


wheat. Forty seeds were planted in each pot. A good germination 
was secured and the seedlings were thinned to 12 plants. 


s . Effect of Previous Moisture Content on Plant Groieth . 


At all early stage soil 



% 

1 allowed a better growth. On April 29, 


1014, the pots that had been previously held at a high moisture con- 
tent showed a poorer growth than those held at a low moisture con- 
tent. At tile time of heading the plants in pots 440, 441, and 442 

were 'much smaller than others of the same series. ( hi June 4, the 
plants in pots 447, 43X, and 439 were making the best growth. 


( hi A ! a \ 


7 > 


it could be seen that the drying out of a soil to a low' 


moisture content previous to planting was having a beneficial effect 

In soil Xo. 2 the pots which had been held at 30 


on plant growth. 

percent moisture content previous to planting showed a poorer growth 

than the ones previously held at 40 percent. 

♦ 

A more luxuriant growth was obtained on soil 2, the great dif- 


ference evidently being due to the greater amount of organic matter 

- O O 


in soil N( 


) 


or to some factor depending upon the organic content. 



( hi June 17. the plants were fully headed but were not entirely ripe, 
was necessary to harvest on 


this date, however, owing to attacks 


made upon the plants b\ rodents in the greenhouse. The plants on 


s< 



Xo. 1 were somewhat nearer maturity than those on Soil 



o. 


1 he plants from all pots were hung in the greenhouse and allowed to 


ripen complete!) . 


Millet was immediately planted, but a very poor growth of the 
eedlings was obtained. It was therefore replaced by buckwheat. 

become so compact that it was 


The pots containing soil No. 1 



necessary to lower the water content from 25 percent to 22 percent. 
During the growth of the buckwheat little difference could be ob- 

was evident that the* pots had reached a point where the 


served. 



previous moisture content had little effect, or that buckv 
appreciably affected bv changes in the moisture content. 


heat was not 


Effect of Pi 


Moist in 


Content on the Morpho1o(j\ of'JJheat 


A study of the effect of drying a soil to different 
on' the morphology of wheat is shown in Table 2. 


n< listure contents 
The results with 
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soil Xo. i do not show a great difference in the first three water 
contents ( 15,20, and 25 percent'). A great decrease will he noted in 
pots 418, 419, and 420 in the number of culms per pot, but only a 
slight difference in the other characters. These pots were held at 

saturation before planting and a poor physical condition of the soil 

# 

was noticeable. 


Table 

Pot No. 
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Pre- 
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Moist- 
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per pot Length of 
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.soil Xu. J, greater differences in the morphological characters 


(hie to the effect of the previous moisture content could be noted. 
1 kre, as in the plant growth, the soil that had been held at 30 per- 


ruit moisture content shows the poorest results. There is a sim-ilariu 
Kiwc.11 the pots which had been held at 15 percent and those at 40 



t 

tile 


a\eragc nnnilKi' of culms per pot being as great in the 


] 1 ’ ce t , 

4) percent as in the 15 percent pots. 


t om] aiing tin- two soils, we bod a greater number of culms per pot 


11 


( > 


x 


( ) 


1 tit the length of culm 


Is 


omewhat less in this soil. 


t he greater numlur of 


S 


pikelet 


S 


with one grain were found on the 


! 




lant 


> m so 


il 



< > 


1, and the greater nnmbu* with two grains were 


to up, on t te 1 > I a n t - in so 


il X 


o. 


It w ill be seen that in soil No. 1 there 


s • 
* « 


.1 


le Tease 


ill 


the number of grains per bead as the moisture 


( nielli A, s irc'ea-ed. while, in s, >il Xo. 


her 


e was 


ittle difference 


; 1 


ei b\ the ditfeunl moisture e >ntenls 


/- 




I 


j b F: n 


, A 


' / 


ristiirc Coniait on t r >h ' icld. 


• > 


1 muiihei ot in\ estimators ha\e studied the effect of dill event 


1 


1111 e ci aiteiif > < ai cr .-p \ ield. 


flaw 


t 


lo not, however, consider the 




1 1 


c i iMikiuv mI the nioMure condition ot tl c ^oil hetore planting. 





i 



• * 

1 L 


11 \ e-iigalion till -oil w'as kept at the diifemit moksture con- 
suming. At the time of planting all pots 


mi - in 


] e! 


1 il e 


b 1 ‘ 


ht to an n) mum uatu c anoil and lire weights recorded. 










I 


giowil tin ] »ts were ke pt ,.i dvis content jy adding <lis- 


1 \ 1 r \ 


and 1 ivmgjng the 


u «t 




to standard weight. 


a 


10 


du 1 ri n in the am amt < i" dry mailer produced 






a; 


■ 


t«» i hi; eU 1 1 


r 


•he nre\ ions moisture cal- 




, 




1 11 


t 


t -A :ii 


b ring 



C & 


A-th of the plants. 




> L 






i 




V. 


1 * 


1 


n oiga oc cntei t. a coiiipam'ni ot tin- 






, \ 


hJ*t:« i ce o 


* f • at ix 


mat vi’r on t lie factors 




0’ 


4 




I 




♦ • 


« - iv < u a 


ail 1 


f \ are no moh.nre contents. 








> 


h- 


1 T • .oi am e 


; >n 



e proanc- 


I 1 • 


- 1 * on til I 


hie 




* 




* 

* i 




) 


I * 




J * 


• • l 






. % w. 


* > 




v 1 


• • 




% * t 

\ tl 


c 1 \ 


l • 


f 


hi 


■ . i 




; r 


*r 




i 




I 


it 


c nin’n 

1 ; u 

the 

lir-t 

*n n>. 

'ka ‘ 

« 1 

ell 

• 

pr.N. 1 

WJ-h. 

k ' t 

- 1 

’ P. 

vat ; ; 


* * 

V. I 

- • t 

1 il s 

i i 

ti : t at 


* ' ^ « * > 

«■ time 

a : km mg 

V >*] 

\( 

• 

y 

excejg 

that 


I 


d>. 


\ 




in- M vm c . >ver the \ 1 






1 


1 


am 


a 


n 


bl 


n 


K-irent \' 1 


1 0 


59 


KLEIN : STUDIES IN THE DRYING OF SOILS. 


In soil No. 2, a moisture content of 40 percent must be 



to the content of 30 percent in 


soil No. 1. as in both cases we have 


complete saturation for each .soil. In the clay loam pots which had 
been previously held 


ittei 


it saturation 


tent 


If 


held at saturation the yield of dry m 
but in the organic clay loam pots w hich bad been helc 
the yield is as large as those with the lowest moistm 
w r e consider that the lowering of the moisture content in the pots at 
40 percent moisture content is an effective drying out previous to 
planting, there is decided increase due to drying just before planting. 
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is, however, a greater increase in the yield of soil No. 2 over soil No. 
t than in the first crop. 


Effect of Previous Moisture Content on the Total Nitrogen in the 

C 'rop. 


V he results obtained in the determination of the total nitrogen in the 



dry matter of the grain and straw are shown in Table 4. 



has been 


repeatedly shown that 



grown under different moisture condi- 

f i 


lions show a variation in the amount of plant constituents found in the 
dry matter. A greater crop growth usually causes a smaller percent- 
age of nitrogen in the plant, (hi the other hand, if the available 


nitrogen in the soil is increased bv an increase in the moisture con- 

the 

1 be chemical constitution of the soil must be a factor, more 


tent, an increase may be found in the percentage of nitrogen in 
cn >p. 


especially in the soluble organic matter. 


Table 4. — L (feet of Precious Moisture Content on Total Nitrogen in the Crop 
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'he results presented in Table 4 sh 
on the nitrogen of the crop resulting f 
moisture content. . 


that there has been no effect 


cliff 


th 


e previous 



comparison of the two soils shows on the aver- 


age 



twice as much nitrogen in the plants grown in 



th 


soil high in 

5 these 


no 


organic matter as in the same soil low in organic content. As 
soils differ only in organic content and the results show practically 
difference due to water content, the difference in the percentage of 
nitrogen in the dry matter must be caused through some factor due to 
the organic matter. 



Effect of Previous Moisture Content on H ater Soluble Matter. 

has been shown by a number of investigators that the complete 
drying of the soil causes an increase in the soluble salts recoverable 
from a water extract. However, in this investigation the soil has in no 
case been dried to an air-dry condition. 

The 

time content previous to planting has caused an increase in the plant 
growth. In order to determine whether this increase was related to 
an increased amount of plant food, determinations were made on the 
total solids, nitrates, potassium, and calcium in the water extract and 
phosphorus in a fifth-normal acid extract. 

Hit be exoected that the greater plant growth in the soil high 


results presented in "fable 3 show that a lowering: of the mots- 








& 


in organic matter would result from the large amount of plant food 
carried in the organic material. Water extracts were made from 
soils from all the pots immediately after the second crop was har- 
vested bv adding =;o o c.c. of distilled water to 100 grams of th 


e s< > 



and filtering through a Pasteur-Chamberlain water filter. 


Total Solids .• — Table S shows the results obtained in the determina- 


tion of the total solids from a water extraction of the so 





ample. 



will be seen from this table that low water content reduces the total 
solids in the implanted clay loam, while in the planted series of this 


soil there is little difference in the results. The results with the soil 
high in organic matter show an increase in the total solids in both the 
planted and implanted series with an increased moisture content. 

Considering the effect upon the clay loam, it is evident that drying 
the soil to a lower moisture content has increased the water-soluble 
matter. The planted series of this soil shows this same increase, 
although at the time of planting all pots were brought to the same 
moisture content. The opposite effect in the organic clay loam must 
be attributed to the greater amount of organic matter. It is evident 

o o 

that the lowering of the moisture content has had no effect on the total 


solids recovered, as the amounts increase with the increased water 
content. 
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\ it rules. In order to ascertain what effect the lowering of the 


m< ’Mure content may ha\e upon tlu* nitrification in the soil, the nitrates 


were determined on samples from all the pots after the second crop 
had been harvested. The samples were brought to the laboratory 
and the moisture and nitrate determinations were made within sixteen 

nitrates were determined colorimetricallv 



hours after sampling. 
b\ the phenol dimlphonic-acid method. The results are presented in 

Table 0 . 

i and 2 oi both .soils is made it will be 

The 


f a comparison ot >erie 


n 



at a reduction of the nitrates was caused by plant growth. 


aualws also show that the nitrate 


are 



soil \o. 1 than in tilt* same series oi 



X 


in the planted series of 

o. 2. This may he due 
to the greater amount of nitrates present in the organic clay loam be- 
fore planting, there being more than necessary to satisfy the require- 
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ments of the plants. From Tables 3 and 4 it will be seen that a 

of total nitrogen in the crop 


greater growth and a greater amount 


were obtained in the organic clay loam. A decrease is found in the 

11 w 

nitrates of the planted series due to the previous lowering of the 
moisture content, this decrease being more decisive in the cla\ loam. 

o 

Lender the implanted series of both soils the result^ would tend to dhow 
that there has been little effect on the nitrates due to a lowering of the 
moisture content. A reduction may be expected in the planted series, 
as pots at the previous low moisture contents gave much greater 
growth. 
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7 SO 

I 10 

Why the 

lowering of the 

m< >i 

stnre content 

in 

the implanted -erics 


had no effect is hard to explain, as an aeration of the soil under the 
low water content would be expected to increase the nitrate^, yet it is 
evident that the results are influenced b\ other factor.-, which tend to 
equalize this effect. 

was thought that a study of the nitrate producing power of the 
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soil might throw some liurht on the effect of drying soil on the nitrify- 

* 

At the time the nitrates were determined 


in g organisms of the soil. 

o 



in the soil, another 100-gram sample was taken, 
plugged with cotton, and incubated for seven days at 30 
determinations were then made as shown in Table 


in a bottle, 


C. 


Nitrate 


/ 


A comparison of the nitrates in the soil as shown in Table 6 with 
the nitrates after incubation as shown in Table 7 will show that in 


place. It can be seen from 
from pots under the same 
treatment are too meat to warrant am conclusions on the effect of 


nearlv all cases denitrification has tal 
the tables that the variation in the 



lowering the moisture content on the power of the nitrifying organisms 

of the so 



Table 7. hffeet of Prev ious Moisture Content on A Urates Produced by Incu- 
bation for Sci'cn Days at y<> C. 
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So 


t 


Potassium , ( alcium, ami Phosphorus.—] determinations 
of the potassium and calcium in the water extracts and o 


were made 

f the plios- 
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Table 8 . — Effect of Previous Moisture Content on the Potassium, Calcium and 

<9 

Phosphorus in the Soil. 


♦ 



Series i 

, Planted. 




Series 2. 

Unplanted. 




1 Previous 




Previous . 
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phorus in a fifth-normal nitric acid extraction of the soils. The cal- 
cium was determined by the turbidity method and the potassium by 
the colorimetric method of the Bureau of Soils." The phosphorus 


3 Schreiner, Oswald, and Failyer, George H., 
Filtration Methods Used in Soil Investigations, 

Bui. No. 31, 1006. 


Colorimetric, Turbidity and 
C. S. Dept. Agr., Bur, Soils 
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w;f determined colorimetrieally according to the method of Fraps. 

T]h* results are si own in Tal)le 8. 


4 


Fi 

little 


>f Table 8 


fleet due to the 


may he seen that there lias been very 


ent moisture contents. 



reduction of 


the pot 

No 


so 



n and the calcium was found in the planted series of 
The phosphorus was determined in the unplanted series 


o! both soils and no diffei 

moisture content. 


were found due to diffei 


of 



must he concluded from these data that the reduction of the 
moisture content has no appreciable effect on the potassium, calcium, 

and phosphorus in the soil. 


Sme Requirement . In order to determine whether the lowering 
"f the moisture content had any effect on soil aciditv, lime requirement 
determinate ns were made according to the method of Fizzed. 5 These 


results are presented in \ able 8. 'The clay loam shows no lime re- 
quirement, the organic clay loam an average of j ,joo p.p.m. CaO. 


No differences are shown due to the lowering of the moisture content. 


Summary of li.vhrrimcnt 


t 


i. The drying of soil 
dant growth. 


pre\ intis to planting has a beneficial effect on 


1 he factor which causes this beneficial condition due to drying 

# o 

^ affected by the organic matter in the soil, as is shown from the 
results (it the two soils used, which differ only in organic content. 

ect on the total nitrogen 




I he previous drying o! the soil has no efi 


in the dry matter of the crop. 

4. Ihe water-soluble matter is increased in the clay loam with a 
dniug out ot the soil, while in the same soil with a high organic con- 

** ' 1 * 1 « i 

tent ihe opposite result occurs. The organic content must he the de- 
riding factor. 


5. In the planted series o! both soils a decrease in the previous mois- 
ture content has reunited in a decrease in the nitrates in the soil. 

the implanted series no effect has been found. 


In 


V denitrification wa 


* / * 
30 ( . 

rim 


lound in the soil samples when incubated at 



seven dam. Phe great variation in the test allows no eon- 


k m 


* > 


from the effects of 
l he dr\ ing < >ul o f the v 


< 


In in 


<r 


the 


so 




has little effect on the available potas- 


tum, calcium, or phosphorus in the soil. 


]■ r: ps L S. 


\eti\e Plsivpljoric \cid and Its Kelatintis U> the Needs nf 


e Si SI j . r 1 'hi *sph* »r : c 


\eid in P»»t Experiments, Tex. Am* Exp. Sta. ffid. 


v 


s'., ufi. 1 1 k i< } ( 1 < a ( • ) . 


1 h/ ell, J. \., and L\<>n, T. L M Estimation of the Lime Requirements of 


, 1 


T 


1 j i In hr-. h'npm. ( hem., s : mil mu, n m 

k \ * « / 
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Experiment 2. The Effect of Drying; \ Soil on its Physiolog- 


ical Condition 


Aii 


BY TIIE L 


Diox id 


Production and Nitrification. 


As a study of the effect of drying and wetting a soil on its bacterial 


aetivih 


c 


arbon dioxid form 


lias been determined. A study 


of the effect on nitrification lias also been made 
nitrates in the soil and its nitrifying power, 
previous investigators that the bacterial 



by determining the 
has been shown 



activity of the soil mav be 


measured by the carbon diuxi 1 production. 



can not be said that 


this determination gives a complete measurement of the bacterial ac- 
tivity. \ et sufficient data have been obtained to show that the effect of 


drying a soil on its bacterial activitx mav be determined 
As a check 011 the carbon dioxid determination and 


thi 



s way. 
of the 

importance of the nitrifying organisms, the nitrates and the nitrifying 
power were determined. 

When the pots that had been kept in the field-house for two months 
were returned to the greenhouse, it was found that a number of them 


had been broken. The cla\ loam ( ^oil No. 1) from six of these 


pot 


and the soil brought to 


broken pots was transferred to new 

% 

optimum moisture content. 

After the pots were held at an optimum moisture content for four- 
teen months, they were submitted to a treatment as shown in the 
following plan: 


Pot 1. Original soil. D 


on wet Mtil. 


Pot 


The 


taken from the pot and dried in the drying room at 30 3; 


C. 


for ten days and determinations made on the dry soil. 


P<>t 3 


Soil dried as above, but it was again brought to an optimum water con- 
tent (25 per ce*u t . ) and held for sixteen da\ s before determinations 
were made. 


Pot 4. Treated as pot 3. but held thirty-five days before determinations were 

made. 

Pot. 3. Treated as 


pot 4, but again dried and held eleven days at 


ptimuni 


moisture content before making determinations. (Two drying-*. ) 

Pot 6 . Treated as pot 5. but again dried and wet again fourteen days before 

making determinations. (Three dryings.) 


Carbon Dioxid Produced on Dryimj and IVettiiuj a Soil. 


The method used to 

soil 


a soil was a moilificati hi of Stnkla-a/' 
of the aoparatu.s is presented in figure d 


the amount of carbon dioxid produced in 

diagram and description 



The soil sample was well mixed and 500 grams (on dry basis) 
placed in the glass cylinder. The cylinders were kept in an incubator, 

0 Stoklasa, j.. in Handbuch (let* Bioehemischen VrbeitsnK thoden ( Alber- 
hdden). Band 5, Te l 2. p. "Tv , i< 12. 
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held at a temperature of 30 


o 


C. 


The air free of carbon dioxid was 


drawn through the soil in the cylinders, the rate. of flow being regu- 


lated at “ k ” on the aspirator. By making some preliminary experi- 
ments the maximum rate of flow necessary was found. The carbon 
dioxid produced was measured daily for ten days, except in the case 
of the air-dry soil, which ceased production after the seventh day. 
All’ determinations were made in triplicate. The results for each 

in Table O. 


soil are 



Tarek o. — Daily Production of Carbon Dio.vid in Parts per Million from a Soil 

Curiously Treated as to Moisture Content. 
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Pot 1. 

( )riginal So 

O 

il — Not Dried. 



■ 

I 

5 4 6 
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70 

92 
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88 

'52 

64 

168 

234 

1.676 

2 

54 - 
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• 
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92 
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54 f > 

1 1 2 
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7 2 

74 

1 22 

0 
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72 


1.318 
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00 

90 

63 
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20 

I 4 0 

I 20 
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1. 601 



Put 

2. Soil Dried and 

Not Wet 

Again 

♦ 



I 

10S 

8 

O 

, 68 

4 

0 

O 




18S 

2 

S 4 

i(> 

O 

46 

10 

0 

32 

O 



188 

• 

a 

54 

1 0 8 

4 

40 

44 

30 

3 ° 

0 

— 


3 1 0 

Average. . 

• 

82 

44 

1 1 

51 

19 

10 

20 

0 



229 


Pot 5 

Soil Dried and 

Wet 

again for 

Sixteen Days. 


I 

396 

22S 

174 

246 

1.S8 

224 

276 

230 

164 

268 

2 , 37 '* 

2 

4 4 8 

3 iC 

184 

208 

58 

2 oh 

* 

264 

52 

I ON 

158 

1.972 

3 

648 

104 

184 

2 3 2 

68 

220 

252 

96 

1 68 

188 

2.160 

Average. . 

• • • 4 S 7 

2 1 0 

1S1 

228 . 

04 

217 

274 

128 

1 66 

205 

2 . 1 66 


Put 4. 

Soil 

Dried and W et ac 

Lain for Thirty-five 1 >; 

t y s . 


1. 

. 4 S 6 

276 

216 

216 

240 

C 

Cl 

132 

168 

24 

0 

1,9 9 8 

2 

200 

220 

224 

l86 

224 1 

162 

2 

62 

164 

124 

1.561 

3 

I2S 

244 

140 

156 

244 

178 

O 

74 

I.42 

30 

1,336 

Average. . 

271 

247 

103 

186 

236 

193 

45 

10 1 

I TO 

53 

1.635 

* 

• 

P<>t 5- 

Soil Dried 

T w i e e 

and Wet again 

for Eleven 

Days. 


• 

I 

260 

5 5 4 

202 

1 68 

1 

1.9 6 

166 

142 

106 



U854 

2 

1 1 1 2 

402 

374 

104 

682 

66 

19(1 

76 


- — - 

3 - <> 7 2 

Average. . 

. . . 686 

478 

288 

I 60 

439 ' 

1 16 

160 

1 2 1 

— 


2.463 

Put 

6 . Soil 

1 )ried 

Thr 

ee Times and 

[ Wet again for 

Fourteen D; 

IV s. 

1 

414 

296 

186 

() 

40 0 

160 

100 

152 

216 

2 7 f > 

2, 2 of) 

2 

• 

600 

284 

3 - 2 

2<)2 

2 44 

204 

162 

1 1 0 

264 

1 90 

2,042 

Average. . 

. . . 507 

2Q0 

2 54 

134 

322 

I 82 

131 

13 1 

243 

2 3 3 

2,427 


r- 


% 


By a study of the tables it will be seen that the bacterial activity was 
greatly increased by a previous drying of the soil. T11 the soil that 
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was not wet again after 

4 > 


drying the bacterial 

* o 7 


activity was greatly 
inhibited, and alter seven days the carbon dioxid production had com- 


pletely 


s 


topped. 


l hie drying of the soil greatly increases the activity over the orig- 



inal 


s 


oil. 


In the soil held at an optimum moisture content for ° 


on 


days after drying the production of carbon dioxid becomes normal 
again, as shown by a con parison of Pots i and 4 (Table 0). A soil 


dried tv 


not 


a much greater activity th 


when dried 


once, while three divings sh nv no increase over two divings Evi- 

J O ^ 1 J 

dently the factor that causes the increase is not greatly affected after 
the first diving of the soil. 





owcr. 


Xitratcs and 


The nitrates were determined colorimetricalh in a water extract of 
the sample by the phenol disulphonic-acid method. Samples from each 
pot were taken at the time the carbon dioxid determination wa^ made, 
one part being used for the immediate determination of the nitrates 
and the other for the determination of the nitrifying power. The 
nitrifying 
day at 

J V 9 


power was determined by incubating the samples for seven 


C. 


'idle 



are shown in Table 10. 



Fig. 3. Apparatus for determination of the carbon dioxid produced in a soil. 
Description of apparatus: a. Incubator; b, wash-bottle containing BafOHH; 
c, wash-bottle containing I\()H; d, glass cylinder containing soil; c, U-tube 
containing H:*S() } ; f. U-tube containing CaCL; y, potash bulb; h, U-tube con- 
taining CaCb; ■/, U-tube containing FhSOv, j, aspirator bottle; k, stop-cock for 
regulating flow of air; t, thermometer; v, glass-wool in bottom of cylinder; 


y, thermostat. 
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of the soil 
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'em, and 
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] >1\ V- 

i ( >11 sly 

show 11 also 

has reduced the earn 

>11 elioxh 

1 pro lucl ion. 

The 

rew ettine' of the di 

■\ soil 

1 ( >r a j >eri( »d 0 1 

sixteen d 

ays has further de- 

crease* 

1 the nit i ilieatn >11. 

In this 

sample 

the < ipposile is found 

in the 

earl >< »n 

dio\id oi'of 

hiction. In die 

■ -oil he 

Tl moist 

for thirtv-tiv 

e da\ s 


after one < 


In in 


< > 


aiK 


m 


those prcxioio 1 ) dried twice and three times, 


an ncrea-e in nitrification n found. 


r | > 


i 



s increase cor res 


pond 


with 


the larbon dio\i 1 production in t/e^e samples. Why sample 3 has 


.dmwn a di. Tea-<. is not altomthcr clear. 

4 » 

• results from the nitrate deU 1 initiation 



s 


as compare 



with the 


carl 


dn in 


oil 1 



<T 


• \id production show that the nitrification as effected hy the 
of the soil is for the most pari hinlotdcal, bin there must he 


faetoi s of er than biological w 1 i h infuena this clianue. 

I 1 a 


The 


:se 


will 


1 


ne < 



cn 


t 1 la er. 


The nitrif\iii”‘ power of the -oil was determined in three series in 

• >nkr to observe the effect n the addition of organic and inorganic 
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nitrogen on nitrification. Samples of 100 erams of soil were used m 


each casu. The thi 


series were as follow 


Series i. Untreated. 

# 

Series 2 . 2 grains of dried blood added to the sample. 
Series 3. 0.5 gram of (XH,)S() 4 added to the sample. 



will he seen from Table 10 that the addition of nitrogen either in 


organic or inorganic form has increased the nitrification. However, 
the results from each treatment as compared with the nitrates before 


nation show, in the 


the 


order of difference 


Considering the effect of drying of the soil on the nitrifying power, 



the original soil shows an increase of 54 p.p.111. when the soil has been 
incubated alone. Series 2 and 3 of the same sample gave an increase 


of 26 and 66 


pecti\ 


In the drv soil the nitrate 


are in- 


creased in about the same ratio, but here there is an error dtie to the 
wetting of the soil on incubation, and the same results are obtained as 


in sample 3. 



the nitrifying power of the dry soil had been deter- 


mined, it is very probable that no nitrifying power would have been 


obtained. In sample 3 there was an increase of 55, 45, and 111 p.p.111. 


in series 1, 2, and 3 respectively. This shows that the effect of prev- 
iously drying a soil is to increase the activity of the nitrifying organisms. 
In sample 4 the incubation of the soil has shown a decrease, but an 
increase of 138 and 130 p.p.111. was found in series 2 and 3 of this 
sample. In the carbon dioxid determination the rewetting of the 


soil for a period of thirty-live days gave a result similar to the orig- 


inal 


S 


oil. 


Soils dried two and three times have increased the nitrifv- 


een 


ing power over the samples dried once. From the table it can be • 
that the maximum is reached at two dinings. These results w r ould 

r Cl 

show that the activit\ of the nitrifving organi>ms is increased be a 


previous drying of the soil, but reaches a maximum at two dryings. 


Summary of Ex fcrimcut 2. 


1. The bacterial activity a- measured by the carbon dioxid produc- 
tion is increased by a previous drying of the soil. 

2. The carbon dioxid production is very low in a dn soil, the pro- 
duction ceasing after seven days. 

3. The activitv is increased bv two (Irvings, the third drving show- 

V ' • • r « ' # tl 

ing onlv verv slight increase over tile second. 

4. A soil held moist for thirt\-five days after one drying assumes its 
normal condition, the activitv being onlv ffightlv greater than in 

1 „ O . . o 

original soil. 



te 


> Idle previous drying of the soil increases nitrification. 
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b. I lie dry soil shows a reduction in nitrates, as in the carbon dioxid 

production. 

7. i lie nitrification is increased by two dryings and again in the 
soil dried three time 


8 


hhe nitrifv 


of 


ased by a previous di 


( \ 


I he nitrihing power continues to increase with two dryings, 


but probably reaches its maximum at three dryings. 

10. The effect of adding organic or inorganic nitro 



to the 


samples is shown by a marked increase i 
increase in the determinations is in the 
with no nitrogen added. 

o 


ates produced. 


T h e 


ratio as in the samp] 


Discussion and Conclusions. 


-i-he foregoing results show that the drying of soil has an effect- 
on iu icrtility, which results in an increased plant growth. The crop 
growth is increased by a previous lowering of the moisture content, 
out the difference in the organic content as shown in the two soik 
used, has influenced 


S 


the changes which are produced. 


In [experiment 1 there is a dr\ing out of the soil by a lowering 
oi the moisture content, but in no case do we have a soil completely 

s experiment represents a condition that takes place in 


an 


lried. 


Thi 


a humid region where the soil rarely reaches an air-dry condition. In 

a consideration of the results from Experiment 1 this must he kept in 
mind. 

W Idle the effects ot drying on the physical changes have not been 
definite!} studied, a discussion of the subject will necessarily include 
the physical factors which are acting through a change in the soil 
me ffsture. 

1 he diwing out of the soil increases the granulation, which is in the 


most part due to an alteration of the colloidal material. The increased 


granulation alb w\ s a 


iter amount of soluble 


S 


all 




to be carried in 


the granules, which on subsequent wetting allows a greater amount to 

amounts of 


go into solution. 

IT 


the results obtained on the 


water soluble material found in the two soils under different mois- 
ture contents, we find that the drying out of the clay loam has caused 
an increase in the water soluble material, while in the organic clay 
loam the opposite occurs. As these soils differ only in the organic 


content, the factor which influences the solubility of the soil constitu- 
ents must be due to the difference in the organic matter of the two 

soils. 

greater alteration of the colloidal material, this would allow the water 
greater access to the soil particle; and if the concentration of the salts 



in the clay loam a granulation due to drying has caused a 
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on [he surface of the particle has resulted from an increased film 
pre ssfire around the particle, a greater amount of soluble material 
will be recovered by a subsequent wetting of the soil. However, in 
the organic clay* loam the decrease found in the soluble matter on 
drying would tend to show -that the great amount of material soluble 


when the soil is held at high water content overcomes any increase 


that may be due to a drying 



the 


S( 


hi. 


Again, as the organic clay loam shows a lime requirement of 1,200 
p.p.m. CaO, the acid-ity which is due to the organic matter would 
deflocculate the colloidal material, resulting in a less amount of surface 


being exposed to the solvent than in the clav loam. 



ha 


s 


been 


shown by previous investigators that a soil high in organic matter has 

increase the 


a great absorptive power. This absorptive power would 


plant food held 



the soil and result in an increase of the soluble 


mattei 


th 


soil was dried; but if the soil was not dried to 


low 


enough water content to alter this absorptive power, no increase would 


ult. The resinous 



fatty materi 


f the organic matter mav 


surround the mineral particles ami allow no greater solubility even if 
more soluble salts are -exposed to the solvent after a drying of the soil. 
It has been considered by some investigators that the water-soluble 


material forms a colloidal him around the soil particle. ( )n drying a 


soil this him will be altered and allow a greater solubility of the sol- 


11 bl 


e 


s 


alts. 


Thi 


s 


mav 


partly 


account 


for 


the 


increase 


in 


the 


water-soluble material in the clay loam when dried to a 15 percent 
moisture content, but in the organic clay loam it may be that the large 
amount of organic matter soluble would strengthen this colloidal him 
and a greater drying be necessary to alter the pressure of the him. 

Other factors, mainly chemical, must be considered in a discussion 
of the effects of drying soil. The dehydration of the silicates, deoxi- 
dation 


of the oxids, and 


ation of many of the 


of th 


portant chemical changes which t 


P 


the soil on 


drying. H 




Exneriment 1 the 


has not been dried below 


a moisture content of 15 percent, and these factors cannot exert any 
marked influence on the changes produced. 

The drying out of the soil causes an increase in the nitrification in 

w o 

the planted series, but no effect is observed in the implanted series. 
Why this occurred is not clear. The biological factors that are at 



work here may sufficiently alter the results so as to eliminate any 


difference due to the changes in moistu 
further under the results of Experiment 


I 


s 


will be discussed 


> 


Turning to the determinations of potassium, calcium, and plios- 


p h o 1 


us, as affected by the lowering of the moisture content it was 
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found that there is no increased solubility of these elements. 


This 


would show that the beneficial effect on plant growth must be due 

great extent to an alteration of the physical condition of the soil 


to a 


and not to a greater amount of plant food being liberated. 

The re>nlt> from Experiment i show that the lowering of the 
moisture content previous to planting has a beneficial effect on plant 


growth. ( 4 the changes produced in the soil, t lie physical, chemical, 

and biologi cal factors must be considered, but in the results obtained 

¥ 

tn ni Experiment 1, it would seem that the change in the physical con- 
dition is the principal factor. 


In Experiment J, the results of dr\ ing a soil are studied 


connec- 


tion with the biological changes. The effects on the biological factors 

O <1 4 1 

ha\e been measured by the biochemical changes produced. This 
ptrin ent differs fmm Experiment i in that the soil 



was dried in a dry- 


ing room at a temperature of 30 


( 


O 


( 7 . and may he considered as air- 


lined. 


Hefore discussing the effects of drying on the physiological changes 



'oduced as measured h\ the carbon dioxid production, it will he well 


to consider whether the carbon dioxid produced is a correct measure 


of the bacterial activity. The most important objection to this method 
is that the amount obtained in some cases appears to he too high to 
attribute to bacterial action. The chemical changes produced on dry- 


m 


4 > 


max 


he partly responsible for the increase 


111 c 


arhon dioxid. 



can not he said that all the organisms in the soil evolve carbon 


dinxi. 


; lnit if the most important soil organisms produce carbon 
dioxid and if the changes produced by drying act similarly on these 


>ruamsm 


the imam ring o 

1 » 


f the carbon dioxid production should 


S 



( 


lried 





give a relative measurement of the bacterial activity . 

The results of the experiment show' that a previon 
gives a greater bacterial activity as measured by the carbon dioxid 

4 1 • 1 m r 

])roduction and nil rihcatioii in the soil. There are a number of pos- 




ible reasons tn 1 » * e< »usidcrc< 


111 


a disciusinii of the effect of dning on 


1 


lie ph\ sje jiogical condition of the soil. 



has bee 



h< >\y 


11 


hv manv investigators that the organisms in the 



( 


1 ) 


except the intriheis. are resistant to drying. If the nitrifying 
anisins aie destined on drying the soil, then the increased n it ri tr- 
eat 0 must he acci imied for through chemical changes produced in 

dr\ ingot the soil alters the colloidal material and allows 


1 


K 


I I 


1 





< > 




< ; H r amount < 1 o\\gm to enter the soil. After the soil has been 

a again an increase is found in the nitrates, which would he due to 
he i ldueed < >\idati< »n. 

1 in d wiiig a -nil a greater amount n) plant food is made available, 
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the bacteria would be able to obtain a greater supply of food. 


Ac- 


cording to Greig-Smith, the drying of the soil would destroy the 


waxy substance surrounding the soil particle and allow the more re- 
sistant bacteria a greater food supply . 

r\ ^ 


i'he resistance of the organisms to fining mav he due to the 



f 01 mation of spores. As it is known that the nitrifying bacteria do 
not produce spores, we may consider that the decrease in the nitrify- 
ing organisms and the increase of the other organisms on drying mav 

o O o - 

In a discussion 


be due to the ability of the 



to form spores. 


of the causes of the beneficial effect due to fining it is necessary to 
consider the hypothesis of Russell and Hutchinson. ( onsidering that 
the fining of the soil is a partial sterilization, they believe that the 
drying of soils destroys or inhibits the action of the phagocytic or- 
ganisms, and an increase in the ammonifying bacteria results, which 

is beneficial to the productiveness of the soil. 

In an air-dried soil the hygroscopic water may be sufficient to satisfy 


is 


held 


the requirements of the bacteria. the hygroscopic water 
around the soil particle as a thin film. This film exerts a very great 
pressure, which, it seems, would not allow the organisms to obtain the 
water or the food enveloped in it ; but if the bacteria themselves were 
included within this film, then sufficient food might lie obtained. 


From the results obtained in this investigation and by other workers 
it would seem that the increase in bacterial activity on fining a soil is 
not a question of bacterial numbers, 
resistance of the important soil organisms. 


hut depends upon the relative 


Fn a 


C( >n 


ideration of the effect of drying a soil on the physiological 


condition of the soil, no definite conclusions can he drawn until more 
knowledge is obtained relating to the effect on the different groups of 

The 


organisms. 


subject is very' complex and must include many 
factors both chemical and physical, as, for example, an alteration of 
the colloidal material which would allow a greater oxidation. 

The results of these studies show that the drying of soil affects the 


physical, chemical, 

ant crow th. The 


ind biological factoi 



e 






crop growth on a s< 



that has been 


previously dried is of importance to the practical question of soil 
management, more especially in the arid regions where the soil is oiten 

air-dried. 
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